Introduction {#sec1-1}
============

Mental retardation (MR) can be defined as the failure to develop a sufficient cognitive and adaptive level. It is one of the most common human disorders. MR is associated with functional deficit in adaptive behaviour, such as daily-living skills, social skills, and communication.\[[@ref1]\] It is either the only consistent handicap (called nonsyndromic MR) or is combined with other physical and/or behavioural abnormalities (called syndromic MR).\[[@ref2][@ref3]\]

MR or developmental delay is a heterogeneous group of disorders. The prevalence of MR is commonly given as 1%-3% of the population, with a proportion higher in males than females (1.4:1).\[[@ref4]\] MR is sub classified according to intelligence quotient (IQ) as mild MR in the IQ range 50-70, moderate MR as 35-55, severe MR as 20-40, and profound MR as below 20-25.\[[@ref4]\] It can also be classified as, nonsyndromic and syndromic. The nonsyndromic is further divided into autosomal MR and X-linked MR then further autosomal MR is divided into autosomal recessive non syndromic mental retadation (ARNSMR) and autosomal dominant.

The causes of nearly 40% of MR remain unclear. Although a considerable number of X-linked MR (XLMR) genes are known, only four genes causing autosomal recessive nonsyndromic MR (ARNSMR) have been identified so far: PRSS12, CRBN, CC2D1A, and GRIK2. These genes are involved in different pathways, namely synaptic proteolysis, regulation of mitochondrial energy metabolism, regulation of I-kB kinase/NF-kB cascade and induction of long-term potentiation (LTP), underlining the extreme heterogeneity of the pathophysiological mechanism involved in these diseases.\[[@ref5]\]

Neurotrypsin have various roles in the central nervous system both physiological and pathological.\[[@ref6]--[@ref9]\] Two groups\[[@ref10][@ref11]\] identified neurotrypsin independently and simultaneously. The names neurotrypsin, PRSS12 and motopsin were given by HUGO nomenclature. It is secreted from neuronal cells in brain regions like hippocampus, the cerebral cortex, and the cranial nerve nuclei.\[[@ref10][@ref12]\] In the hippocampus the neurotrypsin mRNA is expressed most abundantly during the first postnatal week, which then gradually decreases but still continues into adult life.\[[@ref12][@ref13]\] During the perinatal period, the abundant expression of neurotrypsin mRNA is observed in other regions like olfactory system, cranial nerve nuclei, spinal cord and peripheral nervous system, which shows that neurotrypsin performs many roles in the development of nervous system.\[[@ref14]\]

Recessively inherited diseases are more prevalent in populations where cousin marriages are common, like Pakistan.\[[@ref15]\] These large consanguineous families are a powerful resource for genetic linkage studies of recessively inherited disorders like mental retardation. Linkage analysis was the major objective of this study and it may play a role in creating awareness about the effect of cousin marriages that is the first step towards decreasing socio-economic burden of the country by genetic counseling and also to prevent mental retardation in Pakistan due to inbreeding.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Enrollment of the families {#sec3-1}

Families with at least two or more individual affected with mental retardation were selected from different areas of District Swat and District Peshawar of Khyber Pakhtunkhwa Province of Pakistan. Detailed family history was taken to minimize the chances of other abnormalities and pedigree was made personally by visiting each family. The pedigrees were made by using the Cyrillic software. Relatives of the family affected with MR were also included in the study depending on their willingness and availability. Informed consent was also obtained for participating in the study.

### Collection of blood samples {#sec3-2}

Blood samples (5 mL) were collected from all the affected individuals, their normal siblings, parents to trace the mode of inheritance. The blood samples were collected in 50 mL falcon tubes already containing 140 μl Ethylene Diamine Tetra Acetate (EDTA), which work as an anticoagulant, the blood samples were stored in ice boxes immediately after their collection and then the blood samples were stored in freezer before DNA extraction.

### Deoxyribonucleic Acid extraction {#sec3-3}

Genomic DNA was extracted from blood samples by inorganic method.\[[@ref16]\] This method consists of three main steps, (1) lysis of RBCs with the T.E lysis buffer (Tris HCl, EDTA), which was done by washing the blood two or three times with T.E lysis buffer. (2) lysis of WBCs and digestion of proteins with 100 μL of 10% SDS, 40 μL proteinase K and 3 mL TNE Buffer (Tris HCL, EDTA, and NaCl) by adding to the pellet, and incubated for 12--18 hours in shaking water bath at 45°C for complete digestion of cellular proteins and WBCs. (3) salting out of proteins by adding 1 mL of 6 M NaCl to the digested samples after the period of incubation. In this way, all the proteins were salted out leaving behind the supernatant containing the DNA. It was then precipitated by adding equal volume of isopropanol and DNA was obtained in the form of pellet by centrifugation.

### Deoxyribonucleic Acid quantification {#sec3-4}

The DNA quantification was done on 0.8% agarose gel.

### Genotyping for mental retardation locus {#sec3-5}

For MRT1 locus, three STR markers were typed. Genotyping was performed with unlabeled primers. The markers used for linkage analysis encompassed the chromosomal locations as mentioned by UCSC Genome Browser. For genotyping of the DNA samples of a particular family, each marker was amplified separately on each DNA samples of all seven families. Primers were optimized for their annealing temperatures and recipe for Polymerase Chain Reaction (PCR). All the primers were amplified by a touch down PCR in which a range of annealing temperature (50°C--60°C) was used. Amplification reactions were carried out at temperatures and recipe specific for each STR marker (primer).

### Polyacralamide gel electrophoresis {#sec3-6}

Polyacralamide gel electrophoresis products of all the STR marker of all the seven families were run on non denaturing to examine amplified bands of the STR marker for linkage analysis and to determine the mode of inheritance.\[[@ref17]\]

Results {#sec1-3}
=======

A total of seven families with two or more affected individuals were identified from the different areas of District Swat and District Peshawar and were enrolled in the present study. The blood samples were collected from these families and DNA was extracted by standard inorganic protocol.

After DNA extraction, linkage analysis studies were carried out. Three STR markers D4S191, D4S2392, and D4S3024 were genotyped to determine if a family was linked or unlinked to mental retardation locus (MRT1)/gene PRSS12 \[[Table 1](#T1){ref-type="table"}\]. Hapalotypes (set of alleles) were constructed to determine the pattern of inheritance among the affected and normal individuals of each family under study.

###### 

List of the STR markers to study gene PRSS12

![](IJHG-17-65-g001)

One out of the seven families was potentially linked to mental retardation locus (MRT1)/gene PRSS12. All the other six families remained unlinked to mental retardation locus (MRT1)/gene PRSS12 \[[Table 2](#T2){ref-type="table"}\].

###### 

Status of pedigrees analyzed by Linkage analysis for MRT1 Gene Prss12

![](IJHG-17-65-g002)
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### Family mental retardation-05 {#sec3-7}

The family MR-05 was collected from village swegale tehsil kabal, district Swat, Pakistan. The entire affected individuals were appearing in the fourth generation. Blood samples of 5 individuals were collected, having two affected individual (IV:1 and IV:2) along with one normal (IV:3) and their mother (III:3) along with their uncle (III: 1) in this family. The affected individuals range in age from 11 to 14 years. After DNA isolation, three STR markers D4S191, D4S2392, and D4S3024 spanning in the region of MRT1 gene PRSS12 were amplified. PCR product was electrophoresed on 7% Polyacrylamide gel at 150 volts for 2 to 3 hours. Polyacrylamide gel was stained with ethedium bromide. Alleles were read manually with larger allele donated by 2 and smaller with 1. Haplotypes of family MR-05 showed potential linkage to MRT1 gene PRSS12. All individuals (both affected and normal) were homozygous with STR marker D4S2392 and D4S191 except their mother which was heterozygous with both the markers and with STR marker D4S3024 all individuals were homozygous except their uncle who was heterozygous at MRT1 gene PRSS12 \[[Figure 1](#F1){ref-type="fig"}\].

![Pedigree of family MR-05. The three STR markers D4S191, D4S2392, and D4S3024 in candidate region of mental retardation locus MRT1 gene PRSS12 showed potential linkage. Mental retardation phenotype in this family was potentially linked to mental retardation locus MRT1 gene PRSS12](IJHG-17-65-g003){#F1}

Discussion {#sec1-4}
==========

MR is a complex phenotype characterized by suboptimal functioning of the central nervous system resulting in significant limitations both in intellectual functioning and in adaptive behavior as expressed in conceptual, social and practical adaptive skills originating before 18 years of age.\[[@ref18]\] MR is one of the most common genetic disorders with an estimated incidence of 1--3% of the general population with a high proportion of males to females (1.4:1).\[[@ref4]\]

It can be classified as either syndromic or nonsyndromic. In patients with syndromic forms of MR, the clinical manifestations include MR associated with other multiple congenital anomalies and defects in organs/tissues other then brain and other physical features (such as neurological symptoms, skeletal defects or facial dysmorphism), whereas in patients with nonsyndromic MR no distinctive clinical or biochemical manifestations occur, apart from the cognitive impairment.\[[@ref19]\] Etiologically, it is a multifactorial disorder manifested by environmental as well as genetic factors. Genetic factors include (chromosomal abnormalities, submicroscopic deletions, and monogenic diseases).\[[@ref20]\] Genetic etiologies are found in approximately two thirds of cases of MR. An autosomal recessive mode of inheritance may account for nearly a quarter of all individuals with non-syndromic mental retardation (NSMR). While various X-linked are also associated with non-syndromic mental retardation (NSMR).\[[@ref21]\] More than 60 loci have been reported for X-linked MR; however, still the molecular genetic basis for ARMR is poorly understood.\[[@ref4]\]

Neurotrypsin (PRSS12) is an extracellular serine proteases and it have various physiological and pathological roles in the central nervous system. \[[@ref6]--[@ref9]\] It was identified by two groups.\[[@ref10][@ref11]\] All the three names PRSS12, neurotrypsin, and motopsin were approved by the HUGO nomenclature. Neurotrypsin is secretion of neuronal cells in various brain regions, like hippocampus, cerebral cortex, and the cranial nerve nuclei.\[[@ref10][@ref12]\] The mRNA of neurotrypsin is expressed most abundantly during the first postnatal week in the hippocampus and the cingulated cortex but its expression gradually decreases and still continues into adult life.\[[@ref12][@ref13]\] The abundant expression of neurotrypsin mRNA During the perinatal period is observed in other regions as well, like olfactory system, cranial nerve nuclei, spinal cord, and peripheral nervous system, which suggest that neurotrypsin plays multiple roles in the developing nervous system.\[[@ref14]\]

As a consequence of the unique socio-cultural practices in the population of Pakistan, approximately 60% of marriages are consanguineous, of which more than 80% are between first cousins.\[[@ref22]\] Recessively inherited diseases are more prevalent in populations where cousin marriages are common, like Pakistan.\[[@ref15]\] These large consanguineous families are a powerful resource for genetic linkage studies of recessively inherited disorders like mental retardation.

In this study, seven families were selected for linkage analysis to MRT1 gene PRSS12. These families were collected from different areas of District Swat and District Peshawar. The families have at least three (except family MR-05 which have two) affected individuals. All the families have recessive mode of inheritance. One out of seven families was potentially linked to MRT1 gene PRSS12, while the other six remain unlinked.

The reason that the families which remain unlinked to the reported loci during screening signifies extreme genetic heterogeneity of MR, which is not surprising because about 50% of human protein coding genes are expressed in the brain.\[[@ref23]\] Apart from this there are more than 900 genetic disorders associated with MR and it affects around 3% of the general population, which also reflects the extreme complexity and heterogeneity of mental retardation.\[[@ref24]\] Despite recent advances, the causes of nearly 40% of MR remain unclear. Although a considerable number of X-linked MR (XLMR) genes are known, only four genes causing autosomal- recessive nonsyndromic MR (AR-NSMR) have been identified so far: PRSS12, CRBN, CC2D1A, and GRIK2.\[[@ref5]\] Only a very few families with ARMR have been confirmed for each of these genes (PRSS12, n = 2; CRBN, n = 1; CC2D1A, n = 9; GRIK2, n = 1).\[[@ref4]\] Mutations in known ARNSMR genes have been detected so far in only a small number of families. The contributions of autosomal recessive nonsyndromic mental retardation (ARNSMR) genes are vary limited in the general population.\[[@ref25]\]

All the above reason shows that mental retardation is a complex nervous disorder and these families may be linked to already known locus or there are chances that these families may linked to a new loci. So it needs further studies to identify the already known locus or to explore novel loci and gene causing mental retardation in this population. This will provide opportunities of genetic counseling to these populations and will ultimately result in prevention of mental retardation in Pakistani population.
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